INTRODUCTION
The problem of explaining the causes of an acceler ated expansion of the Universe, the conclusion about which follows from various present day cosmological observations, has existed for more than 10 years [1] [2] [3] [4] [5] [6] [7] . These data largely confirm the predictions of the hydrodynamic theory of vacuum in general relativity [8, 9] regarding the macroscopic gravitational mani festations of the physical vacuum-the ground state of quantized fields (see [4, 5] ). Indeed, the standard ΛCDM model [2] [3] [4] corresponds to the correlation between the constant vacuum energy density ε d = ε d0 = const and the cosmological constant λ 0 = 8πkε d0 /c 4 , where k is Cavendish's universal gravitational constant and c is the speed of light in vacuum, considered in Gliner's theory [8] . However, using this identification of the quantities ε d and λ 0 inevitably leads to the well known problems of the cosmological constant [1, 4, 5] (see also [10] [11] [12] ).
At the same time, according to [8] , the correlation between ε d and λ 0 is possible only under the condition ε d = ε d0 = const, when the metric of the spacetime manifold is determined exclusively by vacuum phase matter and not by ordinary 1 matter different from the vacuum. It was shown in [9] that the presence of an arbitrarily small amount of ordinary (metric affect ing) matter leads to instability of the initial (with ε d = ε d0 = const) state of the vacuum against the production of ordinary matter out of it with the transition of the latter to a state of expansion.
The as yet open question about the determination of ε d , whose variability makes the production of ordinary matter out of the vacuum possible, is also posed there (see [9, Eq. (1) ], where the designation -μ rather than ε d is used). Abstract-We have obtained a generalization of the hydrodynamic theory of vacuum in the context of general relativity. While retaining the Lagrangian character of general relativity, the new theory provides a natural alternative to the view that the singularity is inevitable in general relativity and the theory of a hot Universe. We show that the macroscopic source-sink motion as a whole of ordinary (dark) matter that emerges during the production of particles out of the vacuum can be a new source of gravitational vacuum polarization (determining the variability of the cosmological term in general relativity). We have removed the well known problems of the cosmological constant by refining the physical nature of dark energy associated precisely with this hydrodynamically initiated variability of the vacuum energy density. A new exact solution of the modified general relativity equations that contains no free (fitting) parameter additional to those available in general relativity has been obtained. It corresponds to the continuous and metric affecting production of ultralight dark matter particles (with mass m 0 = (ប/c 2 ) ≈ 3 × 10 -66 g, k is the gravitational constant) out of the vacuum, with its density ρ 0 , constant during the exponential expansion of a spatially flat Universe, being retained. This solution is shown to be stable in the regime of cosmological expansion in the time interval ⎯∞ < t < t max , when t = 0 corresponds to the present epoch and t max = 2/3H 0 cΩ 0m ≈ 38 × 10 9 yr at Ω 0m = ρ 0 /ρ c ≈ 0.28 (H 0 is the Hubble constant, ρ c is the critical density). For t > t max , the solution becomes exponentially unstable and characterizes the inverse process of dark matter particle absorption by the vacuum in the regime of contraction of the Universe. We consider the admissibility of the fact that scalar massive photon pairs can be these dark matter particles. Good quantitative agreement of this exact solution with the cosmological observations of SnIa, SDSS BAO, and the decrease in the acceleration of the expansion of the Universe has been obtained. However, only the formal models of dark energy and dark matter are known to date, for which, in con trast to the models of [8, 9] , neither the nature of these hypothetical substances themselves nor the physical mechanism of their possible interaction is clear (see the reviews [2] [3] [4] and, e.g., [13, 14] and references therein).
NUCLEI, PARTICLES, FIELDS
At the same time, the importance of developing the theory of [8, 9] (on the macroscopic gravitational properties of the physical vacuum in the context of general relativity) is related to the possibility of remov ing the above mentioned and other problems of cos mology and theoretical physics. For example, this hydrodynamic theory of vacuum in general relativity provides a natural alternative [9] to the well known view [15] that the singularity is inevitable in general relativity and to the corresponding theories [16, 17] .
Here, we develop a new hydrodynamic approach to determining the specific form of the variable quantity ε d . This approach retains the Lagrangian character of general relativity and generalizes the theory of [8, 9] . In this case, the hydrodynamic theory of distributed sources-sinks [18, 19] is used for a macroscopic description of the production of ordinary (dark) mat ter out of the vacuum. This theory allows the variabil ity of the cosmological term to be modeled using the parameter σ (the covariant divergence of the 4 veloc ity for ordinary matter) that characterizes the Lagrangian invariant of the density of distributed sources-sinks. We suggest a new modification of the general relativity equations that is obtained by intro ducing an additional term γσ 2 , where γ is a dimension less arbitrary constant, into the density of the Lagrangian of the action functional of general relativ ity. Using the Lagrangian invariant σ 2 seems most nat ural for the variational derivation of the form of the function ε d whose variability, according to [9] , should characterize the intensity of the macroscopic flow of dark matter being produced out of the vacuum (see [9, Eq. (1)]).
Introducing this term also leads to a generalization of Sakharov's gravitational theory of vacuum quantum fluctuations [11] . Indeed, the expansion of the Lagrangian density in powers of the scalar curvature R used in [11] additionally includes the term γσ 2 , which has the same dimension as that of R and the same order of magnitude. The latter makes it possible to describe the production of massive particles out of the vacuum precisely on macroscopic scales. The contri bution from the quadratic (in R and Ricci tensor) terms considered in [11] (and in various versions of the quantum gravity theory [2, [20] [21] [22] ) is relatively small compared to the contribution from σ 2 for such scales. Thus, we suggest taking into account a new metric affecting hydrodynamic factor that is capable of gov erning the macroscopic effects of vacuum polarization through the source-sink motion as a whole of ordi nary (dark) matter. This motion should inevitably emerge during the metric affecting production (absorption) of massive particles of this matter out of the vacuum as the Universe expands (contracts). In this case, the hydrodynamic polarization factor under consideration gives an effect dependent on the mani fold as a whole, just as the corresponding polarization contribution from the manifold topology [23] .
Note that the additional term γσ 2 considered in the action functional cannot be reduced to any function f(R). Therefore, here we establish a refinement of the well known theorem on the equivalence of quantum gravity f(R) models and scalar field models [24, 25] . Below, in Section 5, we obtain a condition for the equivalence of the new exact solution at γ = 1/3 (see Eq. (42) in Section 4) and the new exact solution for a modification of the scalar field model [26] . In con trast to [26] , we take into account a nonzero and, what is important, negative cosmological constant, λ 0 < 0. Note that in the model [26] and in the equivalent quantum semiclassical Parker-Fulling model [27] , it is possible to describe the reverse effect of the produc tion of particles out of the vacuum on the metric, just as is done for the hydrodynamic theory under consid eration at γ ≠ 0. Here, we determine the relationship between the mass m 0 of the ultralight dark matter par ticles being produced out of the vacuum and the con stant (under cosmological expansion) density ρ 0 of this matter by comparing these exact solutions.
The hydrodynamic approach suggested here allows not only global cosmological phenomena but also more local processes to be modeled. This distinguishes it from the well known [28] formal models of dark energy ε d applicable only for global cosmological scales. In the nonrelativistic limit (Section 3), no problematic corrections to Newton's law of gravita tion, as, for example, in [29, 30] , arise in this case for the modification of the general relativity equations under consideration. In contrast to [29, 31] , below we consider not just the gravitational self action of the moving matter but also the possibility of its self gener ation out of the vacuum through the source-sink mac roscopic vacuum polarization (for more detail, see the next section). We show (Section 6) that the exact solu tion obtained at γ = 1/3 quantitatively agrees with model independent observational data at low redshifts z.
HYDRODYNAMIC GRAVITATIONAL VACUUM POLARIZATION AND A NEW MODIFICATION OF THE GENERAL RELATIVITY EQUATIONS
Consider the effect of the source-sink macro scopic motions of ordinary (dark) matter on the met ric (paragraph 1), the possibility of vacuum polariza tion from more general types of motion (paragraph 2), and the approaches realized in this connection in [29, 31] , etc. (paragraph 3).
